Bread wheat (Triticum aestivum L.) is an important cereal in human consumption. In recent years, there has been a growing interest in ancient wheat varieties. The latter represent an important source of germplasm, characterised by a broader genetic base and, therefore, a potential source of biodiversity. The objective of the study was to ascertain the optimal balance between the presence of secondary metabolites having beneficial effects on health and technological features that ensure successful baking quality. The experimental trial was performed in 2011-2012 on three organic farms located in three different areas within the province of Siena (Tuscany). In each location, an overall evaluation of the commercial, rheological and functional properties of five ancient Tuscan bread wheat varieties (Andriolo, Frassineto, Gentil rosso, Inallettabile 96, Verna) as compared with a commercial modern variety (Palesio) was carried out. The ancient varieties were compared both singularly (pure) and in combination (mixtures) of two varieties in equal proportion, respectively. Biometric and productive parameters were detected for each plot (32 plots in each farm). Macro-and trace elements, polyphenols, flavonoids and antioxidant activity (antiradical power, ARP) were similarly determined on representative whole grain samples. Rheological analysis was carried out on flour samples. The multivariate statistical analysis using principal components analysis was performed on all variables analysed. The results showed a significant environment effect on the different parameters measured and did not reveal significant improvements in the variables measured when varieties were cultivated in mixtures. However, the study did reveal various interesting trends that are warranting of further investigation.
Introduction
The re-discover of ancient wheat varieties as functional food (Dinelli et al., 2007; Di Silvestro et al., 2012; Leoncini et al., 2012) is the main reason for renewed interest in ancient grains. Ancient or old wheat varieties are comprised of local landraces (for example Gentil rosso), as well as those varieties obtained from the original landraces. All were well adapted to the environment before the introduction of high energy input agriculture. These varieties were the result of the activity of Italian geneticists operating from the early 1900s, including Todaro (pure line selection), Strampelli (crossing and pedigree selection), Avanzi, Michahelles, Oliva and Gasparini (crossing inter-varieties). In Tuscany, many existing wheat varieties, registered before the 1980s, were derived from the local breed Gentil rosso, using genealogical and mass selection techniques . According to the definition of Bordes et al. (2008) , modern wheat varieties are those registered after the 1960s. However, a legal instrument introduced under Tuscan regional law, LR 64/04, aims to protect and enhance the important patrimony of endangered varieties through the introduction of regional repositories of local Tuscan breeds and varieties. It is possible to include local varieties and breeds (species, varieties, cultivars, landraces, populations and clones originating in Tuscany), which are maintained by a network of growers-keepers. Currently, there are 17 Tuscan Triticum varieties (http://germoplasma.arsia.toscana.it).
Bread wheat (Triticum aestivum L.) is an important cereal for human consumption. Bread wheat is not only a valuable source of starch and protein, but is also rich in fiber, vitamins, minerals and secondary metabolites. The latter, known as functional or bioactive compounds, were largely overlooked in genetic improvement programs. These functional components with health benefits are comprised of polyphenols (flavonoids, lignans, isoflavones) and tocopherols, and are more abundant in wholegrain, encompassing all three fractions of the seed, namely the bran, germ, and endosperm. Short-term in vivo experiments, involving the consumption of bread (Sofi et al., 2010) and pasta , using semi-integral wheat flour and semolina (0.9-1.2% ash), showed an improvement in various parameters related to atherosclerotic risk. In recent years, particular attention has been paid to the polyphenol content, and related antioxidants, which have been shown to be qualitatively different between modern and ancient varieties of Triticum aestivum (Dinelli et al., 2007 (Dinelli et al., , 2011 . This confirms that the ancient varieties are characterised by a broader genetic base and, therefore, represent a potential source of biodiversity. Some recent studies have shown the presence of interesting phytochemical profiles in some ancient varieties in comparison to modern varieties (Di Silvestro et al., 2012; Leoncini et al., 2012) . Besides the cultivar, the climate (Stracke et al., 2009; Heimler et al., 2010; Gasztonyi et al., 2011) , the environment (Mpofu et al., 2006; Lu et al., 2015) and the genotype × environment interactions (William et al., 2008; Okarter et al., 2010; Lv et al., 2013) also play important roles impacting heavily on the content of these substances.
The ancient varieties were all selected under organic farming. Hence, the comparison between organic and conventional (under which the modern varieties were selected) farming is a valid consideration. Conventional farming was shown to result in an improvement in the baking quality of bread wheat (Mazzoncini et al., 2015) , even if this was at a cost to the functional qualities. However, the quantity of protein and gluten in the flour of ancient varieties is not always inferior to that of modern varieties . The differences are related more specifically to quality (Van den Broeck et al., 2010) . The rheological properties of dough made with the flour of modern varieties are more variable than that of the ancient varieties (Bordes et al., 2008) . The W value of flour, a parameter used to measure flour strength, is usually less than 150 in ancient varieties, therefore low in comparison to standard grade wheat, where W exceeds 170. Hence, when evaluating ancient varieties, it is important to establish the genetic potential based on the best compromise between functional and technological properties.
Cultivar mixtures are increasingly being used in commercial agriculture to control diseases, increase yield, and provide yield stability (Garrett and Mundt, 1999; Finckh et al., 2000; Mundt, 2002) . Using four winter wheat varieties, Swanston et al. (2005) observed that there was a greater variation in productive characteristics among individual varieties than when the varieties were cultivated in mixtures. However, to our knowledge no work has been published on functional characteristics and rheological properties in varieties cultivated in mixtures.
Therefore, the aim of this study was to perform an overall evaluation of the nutritional, nutraceutical and rheological properties of various ancient varieties in the Tuscan germplasm collection as compared with a commercial modern variety. The ancient varieties were cultivated either singularly or in combination with other ancient varieties under organic farming conditions. The objective was to ascertain the optimal balance between the presence of secondary metabolites having beneficial effects on health and the technological features that ensure successful baking quality.
Materials and methods
The experimental trial was performed in 2011-2012 on three organic farms located in three different areas within the province of Siena (Tuscany). The farms were: Farm 1) Società Agricola F.lli Guasconi Villamena s.s. (San Rocco a Pilli, Sovicille, Siena, Italy; 43° 14' 48" N, 11° 17' 43 '' E, 241 m a.s.l.); Farm 2) Società Agricola Voltolini Stefano and Simonetti Enrico s.s. (Torrita di Siena, Siena, Italy; 43° 10' 8'' N, 11° 46' 29'' E, 430 m a.s.l.) and Farm 3) Grappi Luchino Farm (Monticchiello, Pienza, Siena, Italy; 43° 3' 55'' N, 11° 43' 23'' E, 400 m a.s.l.). The climatic conditions were typical of the Mediterranean area, with approximately 780 mm of rain per year (average figure for the period 2008-2012), mostly concentrated in Autumn (October-December) and Spring (March-May), with a dry summer period (July-August) and with an average annual temperature of 13.5°C.
In each location, a randomised block design with two replicates was performed. Five ancient bread wheat genotypes from the Tuscan germplasm were analysed: Verna (A), Inallettabile 96 (B), Andriolo (C), Frassineto (D), Gentil rosso (E). The modern variety, Palesio (F) was taken as the reference control. The ancient genotypes were evaluated either individually (pure) or in combination (mixture), taken two at a time, without repeats, in proportion of 1:1. Hence, there was a total of ten combinations (NC) of n elements taken two at a time, where n = number of items (n=5) and k = elements in any combination (k=2):
(1) With k=2 it is simplified in:
(2)
Overall, there were 16 theses in total (5 ancient varieties + 10 ancient variety mixtures + 1 modern variety) arranged in plots. The plots were randomly distributed for each replicate on each farm location. The plots (experimental units) were 15 m 2 (3.0 × 5.0 m) in dimension.
The bread wheat varieties utilised in the experimental trial had the following characteristics:
-Andriolo is a variety with an unknown origin, most likely a selection of the Terricchio variety. It is characterised by high rusticity and is referred to as mountain wheat. It is currently registered in the Tuscan directory of conservation varieties.
-Frassineto was obtained in 1922 by Michahelles by pure line selection from Gentil rosso. It is characterised by high rusticity and is highly adaptable to different environments, particularly in hilly and mountainous regions. This variety is currently registered in the Tuscan directory as one of the conservation varieties.
-Gentil rosso was the parent variety used by Michahelles in breeding and is native to Central and Northern Italy. In the mid-1800s cultivation spread to the region of Emilia due to its high productivity, which was higher than the variety Rieti, commonly cultivated in that period. Gentil rosso is currently registered in the Tuscan directory of conservation varieties.
-Inallettabile 96 is a variety obtained by De Carolis, based on the indications of Todaro for the selection of the best spikes from the variety Inallettabile 38, in turn selected from the French variety Hatif Inversable (obtained by Vilmorin in the early 1900s). This variety was short in length and resistant to lodging. In a short period of time, Inallettabile 96 supplanted Rieti and joined other varieties such as Gentil rosso (Failla and Funi, 2006) . This variety was widely cultivated in Northern and Central Italy, predominantly in the lowlands but also in the hills and low mountains, and is currently registered in the Tuscan directory of conservation varieties.
-Verna was obtained by Gasparini in 1953 from the cross between Est Mottin 72 x Mont Calme 245. This variety is suitable to mountainous areas above 600 m a.s.l. and it can be described as very rustic, with exceptional resistance to cold and rust and best suited to average to fertile lands. Verna was reinserted in the National Register since 2012.
- was obtained from the cross between Pandas × Recital, and classified as having superior baking quality. The varieties, in all locations, were cultivated according to the requirements set for organic farming. No fertilisers were used during the course of cultivation. Therefore, the varieties used fertile residues in the soil derived from previous crops. Each experimental field formed part of a five-year rotation scheme as follows: grassland, renewal, cereals. The amount of seed used was based on the 1000 kernel weight and sowing density of 400 seeds per m 2 . In each location (for each thesis/plot), six plants were selected for the measurement of morphological parameters at full maturation. The following parameters were measured: plant height (cm); number of internodes of the principal culm; total number of culms·plant -1 ; total number of ears plant -1 ; straw weight of the plant (g); total ear weight (g), total number of kernels and kernel weight (g) of the plant; length (cm), weight (g), number of spikelets, number of kernels, kernel weight (g) of the main ear. Of these parameters, only mean data of plant height, main ear length, and main ear weight have been reported in the Results, to leave more space for the presentation of technological and qualitative variables; all these parameters, however, have been utilised for the principal component analysis (PCA).
At harvest, all the entire plots were analysed for the following parameters: yield (q·ha -1 ), 1000 kernel weight (g), test weight (kg·hL -1 ). From each plot in each location, two grain samples of 100 g and 800 g respectively, were collected. Each 100 g sample was milled to produce whole-grain flour, which was stored at -20°C for chemical analysis. Samples of 800 g were specially milled to produce flour for the rheological analyses.
Macro-and microelements
Carbon and nitrogen content was determined on whole-grain flour samples of 3-4 mg each, by means of a CHN elemental analyser (Thermo Fisher Scientific, Waltham, MA, USA). Total protein content was calculated using nitrogen to protein conversion Factor of 5.7. The macro-(Ca, K, Mg, Na and P) and microelements (Fe, Mn and Zn) were measured by inductively coupled argon plasma emission spectroscopy (Thermo Fisher Scientific) as described previously (Ghiselli et al., 2015) .
Free and bound phenolic compounds
The extraction of free (soluble) and bound (insoluble) phenolic compounds was performed according to Adom and Liu (2002) using a solution of EtOH: H2O 80:20 (v/v) to extract the soluble fraction. The pellet residue was subsequently extracted with an alkaline solvent (0.5 mL 10M NaOH + 1.2 mL deionised water), and then with an acidic solvent (0.9 mL 6M HCl), to solubilise the bound fraction. Polyphenol content in both the free and bound fractions was measured using the spectrophotometric Folin-Ciocalteu method (Lambda 20 Spectrophotometer, Perkin Elmer Corporation, Waltham, MA, USA) with gallic acid as the reference standard (Singleton et al., 1999) .
Free and bound flavonoid compounds
The flavonoid content was determined similarly, using a colorimetric method with catechin as the reference standard (Adom et al., 2003) . Total polyphenol and flavonoid contents were, respectively, presented as the sum total of the free and bound fractions. From the difference between total polyphenols and total flavonoids, the phenolic acid content was calculated.
Antioxidant activity
The radical scavenging activity of antioxidant active substances in the free and bound extracts was measured using the stable radical 2,2-diphenyl-1-picrylhydrazyl (DPPH), which becomes reduced by antioxidants to 2,2-diphenyl-1-picrylhydrazine (DPPHH), according to the spectrophotometric method of Brand-Williams et al. (1995) . The efficient concentration (EC) represents the amount of antioxidant (AO) in the sample necessary to decrease the initial 2,2-diphenyl-1-picrylhydrazyl concentration by half [EC50 = (mol/L) AO/(mol/L) DPPH]. EC50 was calculated for each sample from a calibration curve by linear regression, using solutions with different concentrations of DPPH. The higher the EC50 the less efficient the antioxidant activity of the sample. For clarity, the EC50 value for each of the sample was converted into antiradical power (ARP), using the following equation: ARP = (1/EC50)×100. The higher the antiradical power value, the more efficient the radical scavenging activity of the sample.
Rheological analysis
To evaluate the bread-making quality of the different theses, grain samples for each plot were individually milled with a Chopin Dubois CD1 experimental mill (Chopin Technologies, Villeneuve-la-Garenne, France) to obtain white flour. The Chopin alveograph test was carried out on white flour with an aqueous solution at 2.5 % of NaCl as described by UNI EN ISO 27971 (ISO, 2008) method for flour. It was used to assess dough strength (W in 10 -4 J), tenacity (P in mm H2O), extensibility (L in mm) and the tenacity/extensibility (P/L in mm H2O·mm -1 ) ratio. The curves and parameters were computed with an Alveolink apparatus. The dry gluten, expressed as % dry matter (DM), was determined on white flour (20 g) mixed with a saline solution at 2.0% NaCl, and thereafter washed with a buffered saline solution in order to remove the starch and soluble proteins, according to the Italian official methodology (Italian Regulation, 1994) .
Statistical analysis
Statistical analysis of the morphological, chemical and rheological variables was carried out according to the experimental design splitplot by adopting the mixed model analysis of variance (ANOVA). The Farms were considered as the main plot with random effect, and the Variety as the sub-plot with fixed effect. Given the experimental design hierarchy, two errors were used to verify the initial hypotheses. The significance of differences between the means was performed with the Tukey's multiple comparisons test, considering the probability P<5% (*) P<1% (**). The correlation matrix was performed between variables. To visualise the relationship between variables a correlogram was calculated.
The multivariate statistical analysis using PCA was performed on the chemical and rheological variables to provide a representative evaluation of the varietal combinations considered. The PC with a sign value >0.5 were used to compute the Euclidean distance matrix. The cluster analysis was carried out according to the algorithm of Shan. Statistical packages used for processing were IBM SPSS Statistics 21 (ANOVA and PCA) and NT SYS pc version 2.20 N (Euclidean distance matrix and cluster analysis).
Results

Morphological, commercial and rheological parameters
The commercial and rheological parameters are of great interest for the bread making industry. For this reason, these parameters, together with the morphological parameters, are shown in Table 1 . On the farm level, all parameters were significantly different, with the only exception of ear length and weight. In the farm, the yield showed variable trend ranging from 18 and 33 q·ha -1 . The 1000 kernel weight was with- in the range of 34-45 g, the test weight between 77-79 kg·hL -1 and the protein content between 10-14 %. Among the genotypes, all parameters reported in Table 1 were significantly different, with the exception of total protein. Considering the morphological traits, Gentil rosso was the genotype with the highest plant height, whilst the modern variety, Palesio, was the shortest; Gentil rosso had the longest main ear, and Inallettabile 96 the shortest. Hence, Gentil rosso and Inallettabile 96 were also the two varieties with the heaviest and lightest earweights, respectively. For production, Palesio and Inallettabile 96-Andriolo were the most productive, while Verna-Frassineto and Gentil rosso had the lowest yields. The highest values for 1000 kernel weight were observed in the ancient varieties (single and mixed) with a range from 38 to 43 g, while for the modern variety, the average value was of 37 g. The reverse trend occurred for the test weight, where Palesio showed significantly higher values than the old varieties. In turn, the latter did not vary between either varieties or mixtures, respectively, with the sole exception of the Verna-Frassineto, which was characterised by lower values. Regarding the dry gluten, Palesio showed the highest value as compared to the ancient varieties (single or mixed). The same result was observed for W value (dough strength). It is noteworthy that variety combinations, which included the varieties Verna, Inallettabile 96 and Frassineto, produced higher W values than the same varieties when cultivated singularly. Similarly, the rheological index, P (toughness), was found to be higher in the modern variety, whereas the ancient varieties showed lower values, varying from 28 to 43. The L index (extensibility) was higher in the modern variety, but was only significantly higher than that of Gentil rosso and Frassineto. Regarding the P/L index, the ancient varieties showed balanced values within the optimal range of 0.4-0.7, with the exception of Gentil rosso and Gentil rosso-Inallettabile 96 with the highest values even compared to modern variety. Verna was the only variety that had P/L values within the optimal range of reference in all environments (Figure 1 ). The macro-and microelement contents, which are both nutritionally and functionally important, are presented in Table 2 . On the farm level, K varied significantly and P varied highly significantly, within a range of 2777-3545 and 2626-4043 mg·kg DM -1 respectively. Mn varied significantly and Zn highly significantly, within a range of 26-44 and 35-52 mg·kg DM -1 respectively.
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Ca was significantly different between varieties. The Andriolo-Gentil rosso mixture and Gentil rosso were the richest in this element, whilst Palesio had the lowest content. A higher K content was detected in Frassineto that influenced the combinations, all of which contained very high levels of this element. Palesio, on the contrary, was the variety with the lowest content. Andriolo-Frassineto was rich in Mn, whilst Verna and Verna-Inallettabile 96 had the lowest content. Andriolo and Palesio respectively showed the highest and lowest Zn content. K and P contents were shown to be significant for the Farm × Variety interaction.
Secondary metabolite content
Secondary metabolite content and related anti-oxidant capacity are important functional characteristics. The polyphenol and flavonoid contents, as well as ARP, are presented in Table 3 . The environment (Farm) produced significant differences in the following parameters: free and total polyphenols, bound and total flavonoids, phenolic acids, bound and total ARP. The total polyphenol levels ranged from 3.747 to 3.315 mg·g DM -1 , whilst the range for free polyphenols was 1.054 -0.835 mg·g DM -1 . The trend in polyphenol content was related to ARP on the farm level. For genotype, significant differences were found for all the variables tested with the exception of bound polyphenols, free flavonoids and free ARP. Verna and Verna-Inallettabile 96 reported the highest free polyphenols and phenolic acids, whilst Palesio had the lowest values. Verna had the highest total polyphenols, whilst Frassineto-Gentil rosso had the lowest values. The content of bound and total flavonoids were significant. In both cases, Inallettabile 96-Gentil rosso was the mixture with the lowest value, while Frassineto both alone and in mixture with Gentil rosso showed the highest values of flavonoids. Bound ARP was found to be higher in Verna and lower in Palesio, Gentil rosso, and the Verna-Frassineto, Inallettabile 96-Gentil rosso, Frassineto-Gentil rosso mixtures. Verna also showed the highest total ARP, whilst Verna-Frassineto and Inallettabile 96 had the lowest values. Therefore, polyphenol content had a greater influence in determining the ARP values than flavonoid content at the genotype level.
The Farm × Variety interaction showed significant differences for the free, bound and total polyphenol content, bound and total flavonoids, phenolic acids and bound ARP. relation between the variables of the same group, such as the rheological properties (W, P, gluten and proteins content), as well as between the characteristics related to the presence of secondary metabolites (polyphenols content and antioxidant activity). Minerals (Figure 2) were positively related to the rheological properties (W, gluten and protein), with the sole exception of K that behaves in the opposite manner to the other mineral elements. The elements, Ca, Mn, P and Zn were strictly correlated to each other while K was positively associated with only P, and negatively associated with Ca and Zn. K was also inversely related to the protein content, W, gluten, polyphenols and phenolic acids. Polyphenols and ARP were positively correlated. Unlike the polyphenol component, total ARP was negatively correlated to both gluten content and gluten strength (W and P). No relationship was evident with protein content.
Pearson correlations and principal component analysis
By analysing the interactions between the factors not associated within the same group, some interesting considerations became evident: in particular was the positive correlation between the content in polyphenols and gluten, and the negative correlation between the parameter W and ARP. The negative correlation between W and ARP has been split up to check the behaviour at the farm level ( Figure 3) . In each Farm the trend of the correlation was positive. The negative trend that was detected in the general correlation was due to the low values of W detected in Farm 1. Figure 4 shows the two-dimensional distribution for the first two PCs for all variables considered. PCA was performed taking into account 27 significant variables of ANOVA and applied Varimax rotation for the PC transformation. The first ten PCs with an Eigen value >1 explain approximately 89% of the total variance, whereas the first 2 PCs describe, respectively, 21 and 11% of the variance. Some parameters, such as total protein and dry gluten content, were positively correlated with the 1 st axis (PC1) in the order of 0.78 and 0.80, respectively. P/L was found to be negatively correlated (-0.89) with the 1 st axis. P element is positively correlated (0.92) with the 2 nd axis (PC2). The PCA showed a marked effect of the environment (identified with the culti- vation farm) on the samples analysed, with respect to genotype. This led to a strong centralisation of samples, especially those of Farm 2 and Farm 3 that formed two well-defined clusters.
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Discussion
The purpose of the research was to characterise the commercial, technological and functional qualities of ancient Tuscan varieties, cultivated both singularly and in mixtures in different environments. The modern variety, Palesio, was used as a reference, as modern varieties were developed particularly for improved rheological properties. The results of the present study did not reveal substantial improvements in the variables measured when varieties were cultivated in mixtures. However, the study did reveal various interesting trends that are warranting of further investigation.
Cultivation in mixtures resulted in a moderate increase in commer-cial parameters such as yield, 1000 kernel weight and test weight for some genotypes (Inallettabile 96, Andriolo and Verna), similar to that reported previously (Garret and Mundt, 1999; Finck et al., 2000; Swanston et al., 2005) . The present work is the first to report results comparing rheological and functional parameters between single varieties and mixtures. As with the commercial properties mentioned above, a similar trend was observed for the rheological parameter, W. The ancient varieties generally have a lower W in comparison to the modern variety, Palesio. However, of great interest, is that the mixtures containing the variety Verna showed higher W values with a more balanced P/L ratio. Mixtures were also interesting for various mineral elements. Ca, which is low in single cultures of Verna and Inallettabile 96, was higher when these varieties were cultivated in mixtures with Gentil rosso. Frassineto and mixtures containing Frassineto were higher in K than other varieties and other mixtures. Major differences between the ancient varieties and the modern variety were obtained for morphological and commercial parameters. Plant height of the ancient varieties was on average 54 cm greater than Palesio. Moreover, yield in the ancient varieties was lower than the modern variety but also lower than that reported for the same varieties in previous work (Guarda et al., 2004; Di Silvestro et al., 2012) . The reason is attributable to the dry season in which the experiment was carried out. The least productive theses were Gentil rosso and the Verna-Frassineto mixture. The kernels of Palesio were smaller than those of the ancient varieties, as was reported previously by Di Silvestro et al. (2012) . Test weight is one of the most important qualitative parameters in the commercialisation of wheat. All ancient genotypes in the present study showed values that were higher than the minimum value required for the sale of wheat (>75 kg·hL -1 ) and higher than those reported previously (Guarda et al., 2004; Di Silvestro et al., 2012) .
Rheological properties, important for the bread-making process, were strongly influenced by genotype. The greatest difference between ancient varieties and the modern variety was shown for the value, W or dough strength. All ancient varieties were below the minimum acceptable value of 150, required for baking (ranging between 55 and 81), with the modern variety showing a value of 142. However, of great interest, is that the mixtures containing the variety Verna showed higher W values with a more balanced P/L ratio. Low W values necessitate that bread be prepared with artisan methods (sourdough) to produce bread with appreciable sensory qualities (results not published).
Notwithstanding the low W values, palatable bread made with Verna was shown to have superior functional properties, as shown from a reduced risk of potential cardiovascular problems in a healthy population (Sofi et al., 2010) . The mineral content measured on whole-wheat flour was similar to that reported previously (Ficco et al., 2009; Zhao et al., 2009; Hernández Rodríguez et al., 2011) . The content of some minerals (Ca, K, Zn) was on average higher in the ancient varieties. Moreover, ARP tended to be slightly higher, in absolute terms, in some ancient varieties or mixtures of them respect to the modern variety, even though this was not significantly different from Palesio. However, as reported by Di Silvestro et al. (2012) , Verna showed the highest secondary metabolite content and ARP.
Secondary metabolite content and ARP were strongly influenced by environment and from the interaction Farm × Variety, as has been shown by other researchers (Heimler et al., 2010; Lv et al., 2013; Lu et al., 2015) . Protein content was also significantly and positively associated with Ca, Mn, Zn and P. For the Zn element, our results were in accord with those of other authors (Feil and Fossati, 1995; Morgounov et al., 2007) ; similar results for P element were reported by Tang et al. (2008) .
As far as the secondary metabolite contents and antiradical power are concerned, ARP tended to be slightly higher in the ancient varieties, even though this was not significantly different from Palesio. As reported by Di Silvestro et al. (2012) , Verna cultivated singularly showed the highest secondary metabolite content and ARP. Hence, the mixtures in which Verna is present had higher values of functional parameters than those of remaining varieties cultivated singularly.
Results from the present study also indicate the influence of environment (farm) on various parameters. From the PCA, Farm 2 and 3 formed distinguishable clusters, showing that all the commercial and rheological parameters were significantly influenced by environment. The low total protein, dry gluten, W, P and L values on Farm 1 were attributable to the lower degree of soil fertility. Farm 3 showed superior dough tenacity, whereas Farm 2 a higher dough strength, respectively.
Conclusions
In conclusion, the present study (PCA analysis) shows that for the ancient Tuscan Triticum aestivum L. varieties, cultivated either singularly or in mixture, the environment has a greater influence on the expression of the parameters measured than the genotype. As far as the genotype is concerned, Verna and Gentil rosso show the best ARP and rheological properties, which are extended to their respective combination mixtures. The most interesting effect, from a nutritional and functional point of view, is the relationship between ARP (polyphenol content), rheological properties, protein content and gluten content. These characteristics could provide the basis for selecting both ancient varieties as well as bread-making processes suitable for artisanal bakeries to produce a functional bread capable of protecting people from the increasing incidence of chronic diseases, without resorting to external additives, which are increasingly being used in food industry.
Our study highlights also the potential of ancient wheat germplasm in future breeding programs. In order to obtain varieties with a balanced ratio between technological and functional properties (with potential positive effects on health), it is essential to maintain on the one hand an acceptable W value and gluten strength, typical of modern varieties, and on the other hand keep the high content of beneficial secondary metabolites found in some ancient varieties. 
